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A study of some factors influencing the stimulative action of zinc 
sulphate on the growth of Aspergillus niger, II. A com- 
parison of two strains of the fungus, 

R. A. Steinberg 
(WITH PLATE I AND FOUR TEXT FIGURES) 

It will be apparent to those concerning themselves with the 
" stimulative" action of zinc sulphate on the growth of Asper- 
gillus niger that marked discrepancies exist between the results 
reported by different investigators. These variations are most 
apparent in the yields (dry-weight per 50 c.c. of nutrient solution) 
obtained in the apparent absence of zinc, the maximum yield in 
the presence of the optimum concentration of zinc, and the mini- 
mum concentration of zinc necessary for the maximum yield. 

Discussion of the variations apparent in the results reported 
will be confined to the following tabulation of the minimum con- 
centration of zinc for maximum growth, as given by various auth- 
ors : 

Raulin (3) . . 10.61 mg. Zn/L 

Richards (4) . • 9-io 

Ono (2) 8.41 

Richter (5) 0.09 

Javillier (1) 0.10 " 

The differences are evidently too large to be laid to experimental 
errors. 

The experiments taken up in this paper are concerned with 
observations made on two strains of Aspergillus niger over a 

[The Bulletin for December (45: 477-519) was issued December 23, 1918.] 
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period of somewhat more than six months. The evidence, though 
fragmentary, since many of the experiments had other purposes 
in view than that for which they are here utilized, is sufficiently 
full to be of value in indicating some of the factors responsible 
for the variations noted above.* 

From cultures used in previous studies (labelled as originally 
from the " Internationalstelle fiir Pilz-Kulturen, Amsterdam"), two 
one-spore strains were isolated in the following manner : 

A series of platings and transfers to agar (i per cent, each of 
peptone, sucrose and agar) indicated that the cultures could be 
divided microscopically into two groups based on the relative 
abundance of yellow pigment in the hyphae. Two tubes were 
selected, one showing no yellow pigment and the other the maxi- 
mum amount of yellow pigment; these served as the source 
material for the isolation of two one-spore strains. 

Single drops of an agar dilution of the spores from these cul- 
tures were placed on sterile cover-glasses, and the cover-glasses 
inverted on Van Tieghem slides. These were placed in the thermo- 
stat at 30-3 1 ° C. After twenty-four hours the slides were exam- 
ined (Leitz: 4 ocular, 8 objective) and only those retained in which 
but one conidium, and this germinated, could be seen. The bit 
of agar containing this single germinated spore was at once trans- 
ferred from the coverglass to an agar slant. In another twenty- 
four hours these transfers had fruited and were again immediately 
transferred. Great care was taken in making this transfer not to 
touch the substratum but only the tops of the conidiophores. 
The cultures thus finally obtained are assumed to be one-spore 
cultures. They will be referred to as the W and Y strains, re- 
spectively. The presence of yellow pigment is more conspicuous 
in the latter. 

The second transfer was considered advisable as a check on 
the possible presence of other conidia (ungerminated) overlooked 
in the microscopic examination made after the first twenty-four 
hours. Since a mycelium arising from a conidium does not fruit 
within twenty-four hours, any ungerminated conidium accident- 

* In view of the results obtained by me, some of the experiments should be re- 
peated and elaborated, but since this work has been indefinitely interrupted as a 
result of my being drafted into the army, I am publishing the data as they stand. 
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ally overlooked will not as yet have had time, even if it did de- 
velop, to have resulted in spore formation at the time of the sec- 
ond transfer. 

The two strains thus isolated were kept on agar slants, of the 
composition given above, in the thermostat, at 30-31 C. Sub- 
cultures for the inoculation of the flasks (containing Pfeffer solu- 
tion) were made on bread and were also kept in the thermostat 
at 30-3 1 ° C. The agar stock cultures were carried in duplicate, 
transfers being at irregular intervals. A duplicate stock culture 
once having been used either for the preparation of new stock 
cultures or of a bread culture was placed aside as unfit for further 
use. The practice was also made of preserving a single dupli- 
cate stock culture, unused, from each transfer. 

The methods used in the experiments described below have 
already been given in detail in a previous publication (6) . I may 
note briefly that all cultures were kept at 30-3 1° C, and that 
150 c.c. pyrex Erlenmeyers were used. The Pfeffer nutrient solu- 
tion was made up with water redistilled through glass, "Crystal 
Domino" cane-sugar, and Merck's "Reagent" NH4NO3 and 
MgS0 4 .-7H 2 0; the other compounds being the Baker "Analyzed." 
In one or two instances, in which Kahlbaum's "Zur Anal." 
MgS0 4 .-7H2O was used, this fact is noted. Each culture in the 
pyrex flasks contained 50 c.c. of Pfeffer solution, the dry-weight 
or yield representing therefore the amount of tissue formed by 
the organism in such a culture. Inoculations at all times were 
from bread cultures. The period of growth of the cultures was 
in each case seven days. 

The existence of quantitative differences between the two 
strains was quite clearly indicated in the very first experiment 
(Exp. I).* 

W Y 

No zinc 0.237 gram 0.546 gram 

0.1 mg. Zn/L 0.903 " 0.811 

The yield of the W strain is less than half that of the Y strain in 
the apparent absence of zinc, whereas it is slightly greater than 
that of the Y strain in the presence of 0.1 mg. Zn/L. 

* The detailed data for each experiment are given in the Appendix. 
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The next experiment (Exp. II) gave the following results. 

w Y 

No zinc 0.317 gram 0.480 gram 

0.01 nig. Zn/L 0.565 " 0.781 

On the assumption that both strains could, even in the presence 
of the optimum concentration of zinc, produce not more than one 
gram of tissue, it is evident that a higher concentration of zinc 
would be necessary in the case of the W than of the Y strain in 
order to obtain the maximum yield. 

The determination of the minimum concentrations of zinc 
required for the maximum production of tissue was made in quite 
a simple manner. An experiment was first performed in which 
zinc in widely different concentrations was used and the values 
desired thus located approximately as being between two of these 
concentrations. The next experiment was with concentrations be- 
tween these limiting values and differing amongst themselves by 
amounts of 0.01 mg. Zn/L. 

The first experiment which served for the approximate loca- 
tion of the zinc optima is here summarized (Exp. III). 

W Y 

0.0 nig. Zn/L 0.217 gram 0.302 gram 

0.001 " 0.418 " 0.620 " 

0.05 " 0.725 " 0.847 

0.1 " 0.877 " 0-805 " 

1.0 " 0.915 " 0.798 " 

These values are shown plotted in Text fig. i. The minimum 
concentration of zinc capable of bringing about maximum growth 
is, we note, approximately. 0.1 mg. Zn/L for the W strain and about 
0.05 mg. Zn/L for the Y strain. We observe, in addition, that 
the maximum yield of the former is slightly the greater. 

The more accurate location of the values sought was attempted 
in a series of cultures differing in zinc content by 0.01 mg. Zn/L 
(Exp. IV). 



0.0 mg. Zn/L 


0.1 19 gram 


0.0 


0.07 


0.805 " 


0.02 


0.08 


0.900 " 


0.03 


0.09 


0.940 " 


0.04 


0.10 


0.825 " 


0.05 



mg. Zn/L 



0.343 gram 
0.844 " 
0.803 " 
0.806 " 
0.847 " 
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Reference to figures given for Exps. Ill and IV indicates that 
the yield concentration curves intersect in both cases at approxi- 
mately 0.075 mg. Zn/L. With this concentration the yields with 
both strains under the conditions employed should be identical 
and equal to about 0.85 gram. 
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Fig. j . For explanation see text. 

The number of concentrations employed was evidently not suf- 
ficient to establish the precise location of the minimum zinc con- 
centration producing the maximum yield, more particularly in 
the case of the Y strain; and, furthermore, a comparison of the 
yields obtained in this experiment with those obtained in the pre- 
viously cited experiments shows that the organisms are not re- 
acting uniformly to what are intended to be identical cultural 
conditions. This is brought out more conspicuously if we include 
in our consideration the results obtained several months later 
(Exps. VIII and IX). 



0.0 mg. 

O.OI 

0.1 

0.5 

1.0 

5-o 
10. 
i5-o 
20.0 
25.0 



Zn/L 0.136 gram 0.205 gram 

' 0.287 " 0.283 " 

' 0.851 " 0.823 " 

' 0.843 " 0.826 " 

0.915 ■" 0.859 " 

0.963 " 0.757 " 

0.906 " 0.771 

' 0.902 " 0.746 

' 0.901 " 0.725 " 

0.945 ** 0.754 " 



For these experiments also the yields have been plotted against 
zinc concentrations (Text fig. 2). 
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On comparing the results obtained in this experiment with 
those of the preceding, we become aware of a curious phenom- 
enon — the action of suboptimal zinc concentrations on the growth 
has become less effective. Whereas in Exp. II the addition of 
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o.oi mg. Zn/L to the cultures resulted in yields of 0.565 gram and 
0.781 gram for the W and Y strains respectively, in Exps. VIII 
and IX the corresponding yields were only 0.287 gram and 0.283 
gram. Even with apparently zinc-free cultures the same change 
had taken place. In the earlier experiment just mentioned the 
yields in the apparent absence of zinc were 0.317 gram and 0480 
gram for the W and Y strains respectively; while now they are 
0.136 gram and 0.205 gram. It would seem that for suboptimal 
zinc concentrations (or more precisely, concentrations below 0.1 
mg. Zn/L), the initial differences between the W and Y strains 
with respect to the extent of growth have largely disappeared. 
The validity of this assumption will, however, again be discussed. 
Finally, after culturing for thirty-one weeks on the peptone- 
sucrose agar, the tenth generation transfers of the two strains re- 
sulted in the following yields when inoculated into the flasks con- 
taining as usual each 50 c.c. of Pfeffer solution (Exp. XVIII). 



0.0 mg. Zn/L 0.177 gram 



0.01 
0.02 
0.03 
0.04 
0.05 



.0.287 
.0.381 

• 0.475 
.0.523 

.0-534 



0.222 gram 

0.440 

0.501 

0.563 
0.642 
0.707 
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W Y 

0.06 mg. Zn/L 0.688 gram 0.793 gram 

0.07 " 0.697 " 0.753 " 

0.08 " 0.758 " 0.734 " 

0.09 " 0.761 " 0.770 " 

0.10 " 0.800 " 0.799 " 

The minimum concentrations of zinc necessary for the forma- 
tion of maximum dry-weight is for the W strain probably greater, 
in this case, than 0.1 mg. Zn/L, and for the Y strain, approximately 
0.06 mg. Zn/L. The yields in the absence of zinc are a trifle higher 
than in Exps. VIII and IX. In the presence of 0.01 mg. Zn/L the 
yield of the W strain is identical in Exps. VIII and XVIII ; whereas 
the yield of the Y strain, though 0.283 gram in the preceding ex- 
periment, is in the present trial 0.440 gram. 

Many of the cultures in Exp. XVIII were photographed and 
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Fig. 3. For explanation see text. 



are reproduced in Plate i. In Text fig. 3 the yields are shown 
plotted against the zinc concentrations. 

To facilitate a survey of the changes in the yields obtained 
under supposedly identical conditions as these experiments pro- 
gressed, the yields in "zinc-free" media for the entire period are 
summarized in the following table : 

Both strains, it will be noted, showed a rapid decrease in re- 
spect to their capacity for growth in the Pfeffer solution. The 
two strains, nevertheless, are distinct in that the W always forms 
a smaller amount of tissue than the Y strain. The fact that a 
decrease in the capacity for growth has indeed taken place will 



Steinberg: Growth of Aspergillus niger 



Weeks since isolation 


Number of transfers 


W 


Y 


I 


Original 


0.237 gram 


0.546 gram 


3 


i 


0.317 " 


0.480 


5 


2 


0.217 


0.302 " 


8 


3 


0.119 '* 


0-343 " 


9 


3 


0.105 " 


0.301 


10 


3 


0.139 " 


0.276 


19 


5 


0.133 " 


0.240 


20 


6 


0.136 " 


— ■ 


22 


6 


— ■ 


0.205 " 


23 


7 


0.126 


— ■ 


24 


7 


0.086 " 


— ■ 


25 


7 


0.155 " 


0.218 " 


26 


8 


0.125 " 


— ■ 


27 


8 


0.141 


— ■ 


28 


9 


0.157 " 


0.232 " 


29 


10 


0.085 " 


0.176 " 


30 


10 


0.130 


0.187 " 


31 


IO 


0.177 " 


0.222 " 



become more evident, in spite of the confusing experimental vari- 
ations, on reference to the effect of constant amounts of zinc on 
the growth at different periods of time. Summarizing the yields 
obtained for the entire period with concentrations of 0.01 and 
0.10 mg. Zn/L we find: 







0.01 mg - . Zn/L 


0.10 mg-. Zn/L 




Number of 
transfers 










isolation 


w 


Y 


w 


Y 


I 


Original 


— . 


— . 


O.903 g. 


0.8II g. 


3 


1 


0.565 g. 


0.781 g. 


— ■ 


— ■ 


5 


2 


— ■ 


— 


O.877 " 


O.805 " 


8 


3 


— 


— ■ 


O.825 " 


— 


20 


6 


O.287 " 


— 


O.851 " 


— 


22 


6 





O.283 " 


— 


O.823 " 


30 


10 


O.I98 " 


O.268 " 


— 


— 


3i 


10 


O.287 " 


0.440 " 


0.800 " 


O.799 " 



The results obtained in "zinc-free" media and with media con- 
taining 0.01 mg. Zn/L are shown graphically in Text fig. 4. 

There is, it will be seen, a perceptible decrease in the yields 
obtained with both strains with time. While experimental 
variations due to at present unascertained conditions tend to 
obscure this phenomenon, a survey of the yields for identical 
zinc concentrations cannot but make evident that the capacity 
for growth of the organisms in the presence of small amounts 
of zinc has decreased. Not only the apparently zinc- free but 
also the zinc cultures exhibit the same result. Whereas strain 
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9 



W when grown in the absence of zinc resulted initially in a 
yield of 0.237 gram, and the Y culture of 0.546 gram, the final 
yields were 0.177 gram and 0.222 gram. Similarly for the cul- 
tures grown in the presence of 0.01 mg. Zn/L, the initial yields 
were 0.565 gram and 0.781 gram and at the time of interruption of 




5 10 15 ZO 25 30 35 

Fig. 4. For explanation see text. 

the research but 0.287 gram and 0.440 gram for W and Y strains 
respectively. Other zinc concentrations display an analogous 
modification. 

The progressive modification of the growth capacity hardly 
manifests itself, it can be observed, in the higher zinc concentra- 
tions. That is, by adding sufficient zinc the characteristic maxi- 
mum yield of about 1 gram is obtained. A progressive change 
in the strains with respect to their sensitiveness to zinc would ex- 
hibit itself, it is rather likely, with higher zinc concentrations only 
after a considerable modification. The extent of the modifica- 
tion necessary would depend on the readiness with which the effects 
of slight fluctuation in zinc content at these concentrations could 
be perceived. 

The same fact is presented to us from another angle if we con- 
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sider the minimum zinc concentration resulting in maximum yield; 
we find that the numerical value of this concentration increased 
as the experiments progressed, or, as previously stated, that in 
this respect also the sensitiveness of the organisms to the action 
of zinc has decreased. 

Inspection of Text fig. 4 suggests that to some extent at least 
the experimental deviations should be laid to an uncontrolled vari- 
ation of the zinc concentration, or of other substances acting in the 
same direction. Th&re is noticeable, for example, a decrease in 
the action of zinc (0.01 mg. Zn/L) as a rule when the simultaneous 
supposedly zinc-free cultures yield a weight below average. Sim- 
ilarly, the opposite-increased effectiveness of the action of zinc 
when the control cultures give a yield above average, is also 
evident on inspection of the curves for the twenty-eighth to thirty- 
first week inclusive. 

In casting about for the causes underlying this gradual change 
in the strains, the assumption was made, that it was due to the non- 
addition of inorganic salts to the peptone-sucrose agar used for 
the stock cultures. This at least occurred to me as the simplest 
and most obvious explanation. 

In order to test this assumption subcultures were made from 
the peptone-sucrose agar to other agar compositions containing 
various mineral salts. After three generations on the latter, they 
were used as usual for inoculating the liquid Pfeffer medium and 
the yields obtained compared with those obtained through the 
use of the standard peptone-sucrose spores. Thus transfers from 
the seventh generation cultures of the W and Y organisms cul- 
tured on the peptone-sucrose agar were made to a medium of the 
following composition : 

Water iooo.o gram 

Sucrose 50.0 

Agar 10. 

f NH4NO3 10.0 

Baker's I KH2PO4 5-0 

"Analyzed" | MgS0 4 .7H 2 2.5 

^ Fe2(S0 4 ) 3 . trace 

Cultures on this medium are referred to as 7W and 7Y. In 
appearance they correspond quite closely to that of a zinc culture. 
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The membranes were thick and wrinkled, opaque, and white to 
light tan in color. Spores were present only in small amount. 
The third generation cultures on this composition (7W3 and 7Y3) 
were used for the inoculation of bread cultures and these in turn 
for the inoculation of the cultures on the Pfeffer nutrient solution 
according to the usual procedure. The average yields obtained 
were (Exp. XV) : 

Culture Yield 

W 9 0.157 gram 

Y 9 0.232 " 

7 W 3 : 0.147 " 

7 Y 3 .0.262 " 

Apparently, no modification of the two strains had occurred by 
culturing on this agar composition for three generations, in so far 
as the yield obtained in the Pfeffer solution to which no zinc has 
been added is concerned. 

An additional experiment gave similar results (Exp. XVII) : 



W 10 


Y 10 


0.0 mg. Zn/L 

0.01 " 


0.130 gram 
0.198 


0.0 mg. Zn/L 

Q.OI " 


0.187 gram 
0.268 " 


7 W 4 


7Y4 


0.0 mg. ZnL 

0.01 " 


0.109 gram 
0.166 " 


0.0 mg. Zn/L 

0.01 " 


0.175 gram 
0.222 " 



The results obtained by culturing in a similar manner on an- 
other medium led to apparently the same conclusion. The med- 
ium in this case consisted of 1 per cent, each of peptone, sucrose 
and agar. To this were added the salts (already tested by being 
used in the preparation of zinc-free Pfeffer solution) in the same 
amounts per liter as in the Pfeffer solution (p. 10). The cultures 
on this agar were similar in appearance to those on the zinc-free 
Pfeffer solution, agreeing in this respect with the peptone-sucrose 
agar cultures. A series of subcultures (8W and 8Y) were kept for 
three generations on the above medium ( — 8W, — 8Y) and an- 
other series on the same medium to which 10 mg. Zn/L had been 
added (+ 8W, + 8Y). The results obtained on using this mater- 
ial for producing cultures on the liquid Pfeffer medium, to which 
no zinc was added (Exp. XVI), follow: 
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W io. 
-8 W 3 
+ 8 W 3 



0.085 gram 
0.135 " 
0.114 " 



Y 10. 
-8 Y 3 

+ 8 Y 3 



0.176 gram 
0.174 " 
0.179 " 



In all the cases given, therefore, there is no evidence of an in- 
crease in the yield on the standard liquid Pefffer medium as a 
result of carrying the organism for three generations preceding 
inoculation of this medium on agar media containing various min- 
eral salts — including zinc in some instances. This would indicate 
that the assumption made in attempting to account for the marked 
decrease in yields observed in the course of this investigation, 
namely, that the spores become impoverished in some essential 
ash constituent as a result of prolonged cultivation on peptone- 
sucrose agar, is improbable. The same conclusion is indicated 
by the result of Exp, XII, where about six months after the origi- 
nal separation of the two strains, cultures prepared by using spores 
of the original tubes (Wl and Yl) are compared with cultures 
prepared by using spores which had been on the peptone-sucrose 
agar for seven generations. The yields are practically identical. 

The thought of course lies close at hand that changes occurred 
in the cultural conditions as the experiments progressed which are 
responsible for the changes in the yields obtained. Unusual pre- 
cautions were taken, however, to maintain uniform conditions 
(see Steinberg, 6). By consulting the data given in the Appendix 
it will be noted that the individual cultures of an experiment (as 
a rule five flasks of a kind were prepared) are very uniform. It 
is also to be noted that throughout the maximum yield of about 
1 gram per 50 c.c. of medium was obtained, provided the proper 
amount of zinc was added, showing that the capacity for growth 
as such did not decrease. The fact that the decrease in yield is 
most conspicuous in cultures to which no zinc or to which only a 
small amount of zinc has been added suggests that the supposedly 
zinc-free media are actually not entirely free of this element. 
Zinc is an extremely troublesome element to eliminate completely 
from the chemicals and utensils employed. It is perhaps ques- 
tionable whether thus far anyone has grown Aspergillus niger in 
the complete absence of zinc. In my own experiments it is con- 
ceivable that the pyrex flasks employed contain and give off to 
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the culture sufficient zinc (or other substances having a similar 
action) to influence the growth of the organism, even if zinc is 
not one of the ingredients entering into the formula for the 
manufacture of pyrex. On this assumption the decrease in the 
effect as the cultures are continued generation after generation 
could be laid to a leaching out of the element from the surface 
layers of the glassware. That the decrease would not be a steady 
one is to be expected from the well-known complexity of the solu- 
tion processes taking place when glass is in contact with liquids. 
In addition it is to be assumed that there may be other uncon- 
trolled sources of minute amounts of zinc, such as dust, etc. 
The differences in the behavior of the W and Y strains, as the ex- 
periments progressed, can be quite satisfactorily accounted for on 
the basis of the greater sensitiveness of the latter to the presence 
of zinc. 

It is, therefore, quite probable that the differences existing in 
the literature between the results recorded by different investi- 
gators can, in part at least, be attributed to the use of strains hav- 
ing different zinc optima. While furthermore, possibly, the pres- 
ence to varying degrees of unrecognized traces of zinc in the 
medium may have been an additional factor in producing these 
differences. 

In conclusion, through the courtesy of Dr. Charles Thorn, I 
am able to include a description of these strains based on his 
examination of cultures W5 and Y5. 

"In both cultures the primary sterigmata measure 20 to 25 
microns long by 3 to 6 microns in width. The secondary sterig- 
mata are nearly uniform throughout the group and hence may be 
disregarded. The conidia are black when ripe, varying in both 
cultures considerably in diameter with an average of about 3^ 
to 4 microns, sometimes 5 microns. They are smooth at first, 
later more or less rough. The roughnesses in strain Y are some- 
what less prominent than in strain W. These differences are 
differences in quantity only. The nature of the reaction is the 
same in each. These stalks of strain Y run 1,800 to 2,000 mi- 
crons. In strain W they are about 700 microns long. They 
would therefore, fall respectively into section 2 and section 1 of 
Aspergillus niger as discussed by Thorn and Currie, page 6" (7). 
Columbia University 



14 



Steinberg: Growth of Aspergillus niger 



APPENDIX 

Yields of the individual cultures, generally five of a kind. The 
number of weeks stated in connection with each experiment refers 
to the time elapsed since the original isolation of the two strains. 
For cultural conditions see page 3. 



Experiment I 
Kahlbaum's "Zur Anal." MgSO^HfoO used; 1 week 



WO 


YO 


No zinc 


0.1 mg. Zn/L 


No zinc 


0.1 mg. Zn/L 


* 0.910 gram 
O.219 
0.230 
0.289 
0.211 


0.902 gram 
0.868 " 
0.894 " 
O.910 " 
O.942 


0.509 gram 
0.510 " 
0.531 " 
0.607 " 

0.575 " 


0.796 gram 
0.804 " 
0.809 " 
0.820 " 
O.827 " 


O.237 " 


O.903 " 


O.546 " 


0.811 " 



Experiment II 
Kahlbaum's "Zur Anal." MgSO^HfoO used; 3 weeks 



W a 



No zinc 



0.01 mg. Zn/L 



No zinc 



0.01 mg. Zn/L 



0.302 gram 
0.265 " 
0.339 " 
0.330 " 
0.335 " 



0.317 




0.516 gram 
0-535 " 
0.546 " 
0.409 
0.393 " 



0.480 



0.806 gram 
0.830 
0.843 " 
0.694 " 
0.732 " 



0.781 



Experiment III 
5 weeks 



Ws 



No zinc 


0.001 mg. Zn/L 


0.05 mg. Zn/L 


1 mg. Zn/L 


1.0 mg. Zn/L 


0.243 gram 
0.246 
0.175 " 
0.217 
0.205 " 


0.335 gram 
0.392 " 
o.397 " 
0.507 " 
0.461 


0.627 gram 
0.750 *" 
0.703 " 
0.760 " 
0.785 " 


0.861 gram 
0.862 " 
0.843 " 
0.890 " 
0.929 

0.877 " 


0.891 gram 
0.923 " 

0.947 " 
0.904 
0.912 " 


0.217 


0.418 


0.725 " 


0.915 " 



* Accidental zinc culture. This phenomenon has been previously discussed (6). 
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— mg. Zn/L 


0.001 mg. Zn/L 


0.05 mg. Zn/L 


0.1 mg. Zn/L 


1.0 mg. Zn/L 


0.312 gram 


0.622 gram 


0.867 gram 


0.797 gram 


0.788 gram 


0.347 " 


0.686 " 


0.823 " 


0.822 


0.774 " 


0.265 " 


0.458 " 


0.893 " 


0.825 " 


0.799 " 


0.263 " 


0.618 " 


0.825 " 


0.790 " 


0.804 


0.323 " 


0.718 " 


0.825 " 


0.789 " 


0.822 


0.302 " 


' 0.620 " 


0.847 " 


0.805 " 


0.798 " 







Experiment IV 
8 weeks 






W 3 


No zinc i 


0.07 mg. Zn/L 


0.08 mg. Zn/L 


0.09 mg. Zn/L 


0.10 mg. Zn/L 


0.143 gram j 
0.092 
0.109 " 
0.106 
0.144 " 


0.833 gram 
0.859 " 
0.685 " 
0.786 " 
0.861 " 


0.947 gram 
O.903 " 
0.893 " 
0.857 " 
0.847 " 


0.935 gram 
0.889 " 
0.911 
0.952 " 
1. on 


0.806 gram 

0-793 " 
0.802 
0.870 " 
0.852 " 


0.119 " 


0.805 " 


0.900 


0.940 " 


0.825 " 


Y 3 


No zinc 


0.02 mg. Zn/L 


0.03 mg. Zn/L 


0.04 mg. Zn/L 


0.05 mg. Zn/L 


0.307 gram 

0.377 " 
0.296 
0.369 " 
0.366 " 


0.818 gram 
0.836 " 

0.855 " 
0.856 " 
0.856 " 


0.757 gram 

0.831 " 
0.786 " 
0.846 " 
0.794 " 


0.786 gram 
0.848 " 
0.828 ■" 

0-757 " 
0.812 " 


0.819 gram 
0.857 " 
0.875 " 
0.812 " 
0.872 " 


0-343 " 


0.844 " 


0.803 " 


0.806 " 


0.847 " 





Experiment V 
9 weeks, no zinc 


W-3 


Y 3 


O.127 g] 
* O.908 
O.078 
O.081 
0.133 


ram 


! 

! 

1 
i 


0.327 gram 
0.362 " 
0.341 " 
0.206 
0.268 " 


0.105 


0.301 " 
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Experiment VI 
10 weeks 



w 


3 


Y 


3 


No zinc 


0.09 mg. Zn/L 


No zinc 


02 mg. Zn/L 


0.104 gram 
0.095 " 
0.138 " 
0.173 " 
0.187 " 


0.822 gram 
0.862 " 
0.709 " 
0.752 " 
0.816 " 


0.301 gram 
0.264 " 
0.318 " 
0.244 " 
0.253 " 


0.822 gram 
. 0.921 " 

1-053 " 
0.840 " 
0.874 " 


0.139 " 


0.792 


0.276 


0.902 



Experiment VII 
19 weeks, no zinc 



w 5 


Y 5 


0.133 gram 
0.124 
0.146 
0.140 " 
0.121 


0.218 gram 
0.252 " 
0.263 " 
0.250 " 
0.218 


0.133 " 


0.240 



Experiment VI 1 1 
20 weeks, W 6 



No zinc 


0.01 mg. Zn/L 


0.1 mg. Zn/L 


0.5 mg, Zn/L 


1.0 gm. Zn/L 


0.138 gram 
0.137 " 
0.174 " 
0.104 
0.125 " 


0.298 gram 
0.295 ." 
0.289 
0.290 
0.263 


0.835 gram 
0.828 " 
0.885 " 
0.835 " 
0.871 " 


0.817 gram 
0.817 ' " 
0.824 " 
0.840 
0.916 


0.932 gram 
0.803 
0.972 " 
0.910 " 
0.958 " 


0.136 " 


0.287 


0.851 " 


0.843 " 


0.915 " 



5.0 mg. Zn/L 


to.o mg. Sn/L 


15.0 mg. Zn/L 


20.0 mg. Zn/D 


25.0 mg. Zn/L 


0.914 gram 
0.932 " 
0.979 " 
0.967 '" 
1.024 " 


0.880 gram 
0.869 " 
0.903 " 
0.941 " 
0-939 " 


0.905 gram 
0.871 " 
0.894 
0.923 " 
0.917 " 


0.947 gram 
0.860 " 
0.901 
0.914 " 
0.883 " 


0.944 gram 
0.952 " 
0.915 • " 
0-943 " 
0-973 " 


0.963 " 


0.906 " 


0.902 


0.901 


0-945 " 
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Experiment IX 
22 weeks, Y 6 



No zinc 


0.01 mg. Zn/L 


o.r mg. Zn/L 


0.5 mg. Zn/L 


1.0 mg. Zn/L 


0.242 gram 

0.180 

0.203 

0.190 

0.208 


0.270 gram 
0.342 " 
0.274 " 
■ 0.256 " 
0.274 

0.283 " 


0.843 gram 
0.836 " 
0.828 " 
0.798 " 
0.811 " 


0.808 gram 
0.832 " 
0.825 " 

0.835 " 
0.829 


0.854 gram 
0.865 " 
0.843 " 
0.864 " 
0.871 " 


0.205 " 


0.823 " 


0.826 " 


0.859 " 


5.0 mg. Zn/L 


10.0 mg-. Zn/L 


15.0 mg. Zn/L 


20.0 gm. Zn/L 


25.0 mg. Zn/L 


0.750 gram 
0.736 " 
0-739 " 
0.740 
0.821 


0.791 gram 
0-759 " 
0.774 " 
0.772 
0-759 " 

0.771 " 


0.700 gram 
0.756 " 
0.760 " 
0.734 " 
0.779 " 

0.746 " 


0.706 gram 
0.723 " 
0.747 " 
0.703 " 
0.746 

0.725 " 


0.755 gram 
0.725 " 

0.739 " 
0.776 
0.773 " 


0.757 " 


0.754 " 



Experiments X, XI and XII 
No zinc 



X, 23 weeks 


XI, 24 weeks 




XII, 25 


weeks 




W 7 


W 7 


W 7 


W 1 


Y 7 


Y 1 


0.21 1 gram 
0.907 
0.196 " 
0.112 " 
0.112 


0.078 gram 
0.082 
0.091 
0.087 
0.090 " 


0.170 gram 
0.183 " 
0.148 
0.123 " 
0.153 " 

0.155 " 


o.ioi gram 
0.119 
0.066 
0.098 
0.107 •" 


0.270 gram 
0.273 " 
0.200 
0.180 
0.160 -" 


0.164 gram 
0.262 " 
0.245 " 
0.198 
0.212 '* 


0.126 " 


0.086 " 


0.098 ■" 


0.218 " 


0.216 " 



Experiments XIII and XIV 
W 8, no zinc 



XIII, 26 


weeks 


XIV, 27 weeks 


0.131- 


gram 


0.136 gram 


0.135 




0.200 


0.II2 


" 


0.139 " 


O.III 


" 


0.135 " 


O.I36 




0.095 " 


0.126 


'" 


0.141 
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Experiment XV 
28 weeks, no zinc 




W 9 


Y 9 


7 W 3 


7Y3 


0.184 gram 
0.151 " 
0.112 " 
0.178 " 
0.161 " 


0.247 gram 
0.254 " 
0.238 " 
0.194 " 
0.229 " 


0.1 10 gram 
0.079 
0.189 
0.168 " 
0.187 " 


0.255 gram 
0.267 
0.291 
0.269 " 
0.226 " 


0.157 " 


0.232 " 


0.147 " 


0.-262 " 



Experiment XVI 
29 weeks, no zinc 



W 10 


-8W3 


+ 8W3 


Yio 


-y 3 


+ 8 Y 3 


0.070 gram 
0.091 " 
0.104 " 
0.083 
0.076 


0.145 gram 
0.144 " 
0.094 " 
0.151 " 
0.142 " 


0.114 gram 
0.151 " 
0.108 
0.094 " 
0.103 "■ 


0.167 gram 
0.167 
0.170 
0.178 " 
0.199 " 


0.167 gram 
0.181 " 
0.196 
0.180 " 

0.147 •' 


0.19 1 gram 
0.194 " 
0.163 " 
0.164 " 
0.182 


0.085 " 


0.135 " 


0.114 " 


0.176 


0.174 " 


0.179 *' 



Experiment XVII 
30 weeks 



w 


10 


Y 


10 


No zinc 


0.01 mg. Zn/L 


No zinc 


0.01 mg. Zn/L 


0.1 13 gram 
0.119 " 
0.137 " 
0.129 
0.150 " 


0.195 gram 
0.268 " 
0.226 " 
0.160 " 
0.140 " 


0.179 gram 
0.186 " 
0.195 " 
0.179 " 
0.196 


0.199 gram 
0.288 " 
0.269 " 
0.363 " 
0.223 " 


0.130 " 


0.198 " 


0.187 " 


0.268 " 



7W4 


7Y4 


No zinc 


0.01 mg. Zn/L 


No zinc 


0.01 mg. Zn/L 


0.1 15 gram 
0.115 " 
0.121 
0.084 
0.112 


0.212 gram 
0.157 " 
0.120 

0.135 " 
0.205 " 


0.159 gram 
0.175 " 
0.182 
0.172 
0.186 " 


0.197 gram 
0.279 " 
0.210 
0.178 " 
0.246 


0.109 


0.166 


0.175 " 


0.222 " 
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Experiment XVIII 
31 weeks 



W : 



No zinc 




0.01 mg. Zn/L 


0.02 mg 


. Zn/L 


0.03 mg. Zn/L 


0.04 mg. ZnL 


0.203 grarr 
0.174 " 
0.149 " 
0.196 
0.161 


1 


0.271 gr 
O.302 


am 


O.386 
0.375 


gram 


0.473 gram 
0.477 " 




0.525 gram 
0.521 " 


0.177 " 


O.287 


O.381 


0.475 " 


0.523 " 


0.05, mg. Zn/L 


0.06 mg. Zn/L 


0.07 mg. Zn/L 


0.08 mg 


. Zn/L 


0.09 mg. Zn/L 


0.10 mg. Zn/L 


0.466 gram 
0.602 


0.704 gram 
0.671 


0.698 gram 
0.695 " 


0.868 
O.647 


gram 


0.722 gra 
0.799 " 


m 


0.821 gram 
0.779 " 


0.534 " 





688 " 


0.697 


0.758 


0.761 


0.800 



No zinc 


0.01 mg. Zn/L 


0.02 mg. ZnL 


0.03 mg. Zn/L 


0.04 mg. Zn/L 


0.186 gram 
0.212 
0.228 
0.252 " 
0.225 " 


0.524 gram 
0.356 " 


0.517 gram 
0.485 " 


0.578 gram 
0.548 " 


0.650 gram 
0.631 " 


0.222 " 


0.440 


0.501 " 


0.563 " 


0.642 



0.05 mg. Zn/L 


0.06 mg. Zn/L 


0.07 mg. Zn/L 


0.08 mg. Zn/L 


0.09 mg. Zn/L 


0.10 mg. Zn/L 


0.674 gram 
0-739 " 


0.862 gram 
0.724 " 


0.765 gram 
0.741 " 


0.753 gram 
0.715 " 


0.765 gram 
0.785 " 


0.794 gram 
0.804 


0.707 


0-793 " 


0-753 " 


0-734 " 


0.770 


0-799 " 
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Explanation of plate 1 

All photographs from Exp. XVIII 

First row. W strain. No zinc added to the cultures. 
Second row. Y strain. No zinc added to the cultures. 
Third row. W strain. Cultures contain from left to right 0.01, 0.02, 0.03, 0.04, 

0.05 mg. Zn/L. 
Fourth row. W strain. Cultures contain from left to right 0.06, 0.07, 0.08, 0.09, 

0.10 mg. Zn/L. 
Fifth row. Y strain. Cultures contain from left to right 0.01, 0.02, 0.03, 0.04, 

0.05 mg. Zn/L. 
Sixth row. Y strain. Cultures contain from left to right 0.06, 0.07, 0.08, 0.09, 

0.10 mg. Zn/L. 
Seventh row. Cultures from left to right : W zinc-free, Y zinc-free, W 0.1 mg. Zn/L, 

Y 0.1 mg. Zn/L. 
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